Introduction
============

Asthma usually begins early[@JR160410-1] and is considered the most common disease in children. It can lead to impaired psychomotor, social, educational, and emotional development[@JR160410-2]. There are classic symptoms such as shortness of breath, coughing, and wheezing[@JR160410-2] [@JR160410-3], and daily the use of medication should be recommended for all children with moderate to severe asthma, according to guidelines[@JR160410-4].

In general, the medical treatment is administrations of corticosteroids, which may incur the risk of developing steroid-induced myopathy when used for long periods and in high quantities. This myopathy occurs in the peripheral muscles, but its impact on respiratory muscle it is not clear yet[@JR160410-5] [@JR160410-6] [@JR160410-7].

There are also changes in the respiratory system of asthmatics due to the mechanical disadvantage caused by increased airway resistance[@JR160410-8]. Such changes may be responsible for a decrease in respiratory muscle efficiency. One of them is the hyperinflation, which flattens the diaphragm, thereby shortening the inspiratory muscle[@JR160410-8]. Several studies suggest that hyperinflation negatively affects the efficiency of respiratory muscles in asthmatic adults[@JR160410-8] [@JR160410-9] [@JR160410-10].

This study is important because its objective is to evaluate the respiratory muscle strength in asthmatic children, whereas most studies on pathophysiology and treatment of the disease evolution have until now been performed only in adults[@JR160410-11].

Method
======

This is a descriptive cross-sectional and individualized study that was developed in the pediatric allergology ambulatory and/or general pediatric clinic of the Hospital das Clínicas, linked to the Universidade Federal of Pernambuco (UFPE), between August 2008 and July 2009.

The study population included 2 groups: a group of asthmatic children, including 25 children with diagnosis of asthma per the handbook of pediatric ambulatory allergology, who had asthma as the main complaint, and the other group of 25 non-asthmatic children. Their ages were between 7 and 12 years. This age group was selected because this is considered a transition period in the development of the respiratory system and marks the end of pubertal growth and structural changes in the peripheral lung[@JR160410-12]. Children who had neurological neurologic impairment, crisis of asthma at the time of evaluation, serious cardiopathies, orthodontic devices, craniofacial abnormalities, and hypertrophy of tonsil and/or adenoids and those whose guardians did not consent were excluded from this study.

In both groups, respiratory muscle strength was evaluated by measuring the maximal inspiratory pressure(MIP) and maximal expiratory pressure (MEP) produced in the mouth during the maximum effort against occluded airway during inspiration and exhalation, respectively, using a portable manuvacuometer (Medical Commercial, Brazil). The children were asked to make a maximal inspiration from the residual volume for the measurement of MIP with the occluded valve. To determine MEP, a maximal exhalation from total lung capacity was performedto register the peak pressure against the valve[@JR160410-13].

Each child performed the procedure, at the most, 5 times, resulting in at least 3 acceptable maneuvers (with no leaks during at least 2 seconds of each maneuver). Then, the highest pressure values in cmH~2~O were compared between the groups. To assess this measure, the children were seated with their nose occluded with a nose clip for inspiration, and exhalation was performed only at the mouth, with the mouthpiece connected to the manuvacuometer.

To evaluate the nutritional status of children in this sample, the distribution of percentiles of body mass index (BMI) was analyzed according to age and sex, obtained using the equation BMI = weight (kg)/height (m^2^). Weight was recorded using a properly calibrated balance Filizzola^®^ with sensitivity of 1kg with each child wearing as little clothing as possible, requiring the registration of the weight in kilograms and grams. Height was measured with the child in a standing position, barefoot, with feet parallel and together; a tape-measure and a square, which was firmly supported on the head were used for measuring the height.

A descriptive analysis was performed to explain the results. The measured variables are presented in tables and include descriptive measures such as minimum, maximum, average, and standard deviation. The Kolmogorov--Smirnov test was applied test the assumption of normality of the variables involved in the study. For the analysis of quantitative variables between asthmatic and non-asthmatic groups, the Student\'s *t* test was used, and to analyze the qualitative variables, a chi-square test was used. All the conclusions are based on the significance level of 5%.

The children\'s\' guardians received clarification about the objectives of this research and were informed that this study was approved by the research ethics committee of the Universidade Federal de Pernambuco; they were requested to sign an assent free and clarified term allowing the child\'s participation in the study. This work was approved by the ethics committee in research of Universidade Federal de Pernambuco (224/2006).

Results
=======

The sample in this study consisted of 50 children distributed into 2 groups, the asthmatic and non-asthmatic groups. [Table 1](#TB160410-1){ref-type="table"} shows the distribution of children evaluated by gender in the asthmatic and non-asthmatic groups. In the asthmatic group, 52% children were male and 48% were female, and in the non-asthmatic group, 32% were male and 68%were female. Although there were more male children in the asthmatic group, this difference was not significant, so the groups were distributed evenly by gender.

###### Distribution of children evaluated for gender in asthmatic and non-asthmatic groups.

  Gender   Asthmatic   Non-asthmatic   p-value        
  -------- ----------- --------------- --------- ---- -------
  Male     13          52              8         32   
  Female   12          48              17        68   0.252

N- number of children in the group

%- percentage corresponding to the number of children in the group

Statistical test, chi-square

[Table 2](#TB160410-2){ref-type="table"} shows the distribution of the data for age, weight, height, and BMI in the asthmatic and non-asthmatic groups. The average of age of children in the asthmatic group was 8.52 ± 1.49 years and in the non-asthmatic group it was 9.79 years ± 1.51 years(p = 0.004). The asthmatic group had a mean weight of 30.62 ± 7.66kg and the non-asthmatic group had mean weight of 39.92 ± 16.57kg (p = 0.016). Average height was 129.85 ± 10.24cm in the asthmatic children and 139.04 ± 11.62cm in the non-asthmatic children (p = 0.005). The average BMI was 17.94 ± 2.94kg/m^2^ in the asthmatic group and 20.08 ± 6.26kg/m^2^ in the non-asthmatic group(p = 0.133). Thus, the non-asthmatic children had greater age, weight, and height, but no significant differences were found in BMI.

###### Distribution of children by age, weight, height, and BMI in asthmatic and non-asthmatic groups.

                   N    Minimum   Maximum   Average   Standard Deviation   p-value
  ---------------- ---- --------- --------- --------- -------------------- ---------
  Age (years)                                                              
   Asthmatic       25   7.02      11.98     8.52      1.49                 
   Non-asthmatic   25   6.27      11.90     9.79      1.51                 0.004
  Weight (kg)                                                              
   Asthmatic       25   18.30     49.80     30.62     7.66                 
   Non-asthmatic   25   17.70     84.50     39.92     16.57                0.016
  Height (cm)                                                              
   Asthmatic       25   108       149       129.85    10.24                
   Non-asthmatic   25   118       162       139.04    11.62                0.005
  BMI                                                                      
   Asthmatic       25   14.34     24.52     17.94     2.94                 
   Non-asthmatic   25   12.09     33.03     20.08     6.26                 0.133

N, number of children in the group

Statistical test, Student\'s t

[Table 3](#TB160410-3){ref-type="table"} shows the distribution of children evaluated for mean inspiratory and peak expiratory pressures in the asthmatic and non-asthmatic groups. The average MIP in the asthmatic group was 84.96 ± 27.57cmH~2~O and in the non-asthmatic group was 88.56 ± 26.50cmH~2~O (p = 0.640). The average MEP was 64.48 ± 19.23cmH~2~O in the asthmatic group and 66.72 ± 16.56cmH~2~O in the non-asthmatic group (p = 0.661). It was observed that although the non-asthmatic group showed greater maximal inspiratory and expiratory pressures, there was no statistically significant difference between the groups for MIP and MEP.

###### Distribution of inspiratory and peak expiratory pressures in asthmatic and non-asthmatic groups.

                   N    Minimum   Maximum   Average   Standard Deviation   p-value
  ---------------- ---- --------- --------- --------- -------------------- ---------
  MIP (cmH~2~O)                                                            
   Asthmatic       25   32        120       84.96     27.57                
   Non-asthmatic   25   30        120       88.56     26.50                0.640
  MEP (cmH~2~O)                                                            
   Asthmatic       25   32        104       64.48     19.23                
   Non-asthmatic   25   44        100       66.72     16.56                0.661

MIP, maximum inspiratory pressure

MEP, maximum expiratory pressure

Statistical test, Student\'s t

Discussion
==========

Cohen et al.[@JR160410-14] in 1940, observed that the association between asthma and growth inhibition manifested initially as weight loss and if the symptoms persisted, as compromised height and bone maturity. This growth retardation may be associated with early onset asthma, time and severity of the disease, thoracic deformities, hypoxemia, chronic anorexia, corticosteroid use, and socioeconomic status. However, more recent studies concerned with the increase in obesity in the general population have established a relation with asthma; thus, obesity also increases the probability of developing asthma.

In this study, statistically significant values for lower height and weightwerefoundin the asthmatic group compared to the non-asthmatic group, corroborating the work of Cohen et al., without a corresponding change in BMI. All children in the asthmatic group had been taking corticosteroids for a long period of time, but the treatment of asthma as well as the socioeconomic level was low in both groups, which could be correlated with the region where the study was conducted. Thus, the prolonged use of steroids or low socioeconomic status may have led to growth retardation, without association with obesity.

We also observed a slight decrease in respiratory muscle strength in asthmatic children compared to non-asthmatic children, but this difference was not statistically significant. It has been proposed by several authors that asthma leads to decreased overall muscle strength especially of the respiratory muscles[@JR160410-6] because of hyperinflation by air trapping that occurs as a consequence to bronchoconstriction[@JR160410-15] [@JR160410-16] [@JR160410-17] and continuous use and high doses of corticosteroids[@JR160410-5] [@JR160410-6] [@JR160410-7] for the treatment and control of asthma.

According to Weiner et al., hyperinflation leads to respiratory muscle weakness because it interferes at the insertion of the muscles responsible for the biomechanics of breathing, leading to flattening of the diaphragm and mechanical disadvantage. Corticosteroids in high doses lead to steroid-induced myopathy[@JR160410-5]. However, some studies have been establish a relation between long-term corticosteroid treatment even at low doses and decreased muscle strength[@JR160410-6] [@JR160410-7] [@JR160410-11].

In this study, we could not determine the degree of hyperinflation because the children in prepubertal age are still developing their respiratory framework. They do not show structural changes expected with permanent changes imposed by time, such as imprisonment entrapment of air and increased airway resistance. All had used corticosteroids for long time.

In a literature research for related articles, we found no studies evaluating the impact of asthma and the biomechanical changes in children leading to a decrease in respiratory muscle strength. Only 2articles that evaluate muscle strength in asthmatic children were found.

Nickerson et al. evaluated the effects of inspiratory muscle training in asthmatic children and compared the MIP values with the values predicted, concluding that children with asthma had reduced respiratory muscle strength and with training, these values were increased. Lands L et al. examined the MIP and nutritional status in children with asthma, cystic fibrosis, and changes in nutritional status and concluded that only the group with cystic fibrosis had decreased MIP, and that this reduction was related to hyperinflation.

Cystic fibrosis has a rapid developmental course and is often more severe than asthma. It is possible that changes in respiratory function, such as hyperinflation will progress more quickly in this group of patients. Furthermore, since this research sample also dealt with children, who, as noted, are still in the process of developing their respiratory framework, not verifying a mechanical disadvantage that would lead to decreased muscle strength. In contrast, studies in adults have shown that the changes in the biomechanics of the thorax are permanent, and the time of exposure to the effects of prolonged use of corticosteroids is higher. Thus, the respiratory muscle weakness becomes more evident[@JR160410-5] [@JR160410-6] [@JR160410-15] [@JR160410-16] [@JR160410-17].

Dividing the asthmatic group according to asthma severity would relate the decrease in respiratory muscle strength with asthma in patients with severe asthma. In moderate asthma, where the disease could lead to faster development of mechanical disadvantage, lower MIP and MEP were observed compared to the non-asthmatic group and a sub-group with mild asthmawould be expected.

Overall, there is a scarcity of articles in the literature relating to respiratory muscle strength in asthmatic children. Many studies were performed on adults but there are few studies describing and standardizing respiratory muscle strength in children.

Conclusion
==========

This research proposes further studies monitoring the dosage and duration of corticosteroid use for comparing asthmatic children who are non-users or short-term users of corticosteroids with long-term users. According to the severity of asthma, it is important to have studies relating corticosteroid use with respiratory muscle strength. Studies concerning nutritional status may be more reliable with skinfold measurements, Z-Score, and questionnaires about the child\'s feeding and may help determine the associations between respiratory muscle strength, nutritional status, and use of corticosteroids.

We suggest that similar samples be allocated in others institutions, making this a multicenter study with no influence of the socioeconomic realities of a particular region, thereby providing a greater chance of increasing the validity of the sample. Moreover, the children in the non-asthmatic groups could be found in schools, daycare centers and other local area without links with hospitals and, thus, unrelated to disease.
